Given the vital role of inhibitory control in successful weight management, the aim of this study was to examine whether inhibitory control can be increased via incentives. Specifically, participants were randomly assigned to two conditions: In the reward condition, participants could earn a monetary bonus by performing well during an inhibition task. In the control condition, participants were not rewarded for their inhibition performance. Afterwards, we measured participants' craving and food intake during a taste test. Further, dietary restraint was included as a potential moderating factor: Restrained eaters chronically attempt to limit their food intake but are generally unsuccessful in their dieting attempts, due to decreased inhibitory control abilities. Results showed that, compared to the control condition, unrestrained eaters in the reward condition significantly improved in inhibitory control, experienced less craving for food, and also consumed less calories during the taste test. Restrained eaters, in contrast, were unable to improve inhibition performance, reported higher craving for food, and consumed more calories during the taste test relative to control. Restrained eaters therefore appear incapable of applying effective inhibition strategies and would probably benefit more from extensive training procedures that gradually increase inhibitory control in order to facilitate successful weight control.
Introduction
As the prevalence of overweight and obesity continues to rise (e.g. Bessesen, 2008) , more and more people resort to dieting strategies to attain a healthy weight (e.g. Bish, Blanck, Serdula, Kohl, & Khan, 2004; Kruger, Galuska, Serdula, & Jones, 2004; Weiss, Galuska, Khan, & Serdula, 2006) . Reducing one's body weight and maintaining this lower body weight over an extended period of time, however, remains difficult for most people (e.g. Jeffery et al., 2000; Mann et al., 2007; Wing & Phelan, 2005) . Thus, while for some people maintaining a healthy weight is fairly easy, weight regulation appears extremely difficult for others. This is especially true for the so-called restrained eaters, who are constantly concerned with their weight and want to restrict caloric intake (Herman & Polivy, 1980) . Despite the chronic desire to restrict their food intake, restrained eaters are mostly unsuccessful in their dieting attempts (Herman & Polivy, 1980) and are more prone to overeating than unrestrained eaters (Jansen & Van den Hout, 1991; Rogers & Hill, 1989) .
Although multiple factors contribute to overweight and obesity, one factor that seems to play a vital role in weight regulation is impulsivity (Nederkoorn, Havermans, Roefs, Smulders, & Jansen, 2006) . Impulsivity can be generally defined as the tendency to think, control and plan insufficiently and relies heavily on the capacity for response inhibition (Logan, Schachar, & Tannock, 1997; Miyake, Friedman, Emerson, Witzki, & Howerter, 2000) . When defined as an insufficient response inhibition, impulsivity can be seen as the inability to overrule impulsive, habitual reactions, thereby disabling goal-oriented actions. As such, inefficient response inhibition may increase the vulnerability to the temptations of tasty high caloric food, and consequently to overconsumption, overweight, and unsuccessful weight regulation. Consistent with this idea, research showed that people with less effective response inhibition eat more high calorie food (Guerrieri et al., 2007) , are more often overweight or obese (Guerrieri, Nederkoorn, & Jansen, 2008; Nederkoorn, Braet, Van Eijs, Tanghe, & Jansen, 2006; Nederkoorn, Guerrieri, Havermans, Roefs, & Jansen, 2009) , and lose less weight during weight reduction treatment (Nederkoorn, Jansen, Mulkens, & Jansen, 2007) than people with effective inhibitory control. Further, restrained eaters, who are generally unsuccessful in their dieting attempts, also have more difficulty inhibiting prepotent responses, compared to controls Nederkoorn, Van Eijs, & Jansen, 2004) .
Considering the crucial role of inhibitory control in weight regulation, it would be worthwhile to study new strategies to improve inhibition. Dieting will be easier and probably more successful when inhibitory control is increased. Therefore, this kind of research is extremely useful for the development of interventions for people who are unsuccessful in their dieting attempts like restrained eaters. However, strengthening inhibitory control has been found to be difficult, at least more difficult compared to (temporarily) decreasing inhibition (or increasing impulsive responding; Guerrieri, Nederkoorn & Jansen, 2012) . Thus, the challenge is to find ways that promote an increase in inhibition.
In this study it was examined whether inhibitory control can be increased via positive reinforcement in both restrained and unrestrained eaters. Since positive reinforcement typically strengthens the reinforced behaviour (e.g. frequency, duration, magnitude, and latency of the behaviour; Skinner, 1953) , it should be possible to also increase inhibitory control by reinforcing inhibition performance. In addition, we also examined whether positive reinforcement of inhibitory control would influence eating behaviour. Specifically, participants were told they could earn a monetary bonus (i.e., positive reinforcer) by performing well during an inhibition task. Participants in the control condition, in contrast, were not rewarded for their inhibition performance. Afterwards, we measured participants' craving and food intake during a taste test of palatable, high calorie food. It was expected that rewarding performance would increase inhibition, and subsequently decrease craving and food consumption. Because especially restrained eaters have difficulty in regulating their consumption behaviour, it was examined whether the inhibition manipulation was equally effective for restrained vs. unrestrained eaters.
Material and Methods

Participants
Thirty-five female participants (age: M = 20.97, SD = 2.22; Body Mass Index (BMI: kg/m 2 ): M = 22.90, SD = 2.86; range 18.42-33.30) completed the study in return for a gift certificate. Current dieters were excluded from the study. Dietary restraint (M = 12.60, SD = 4.38; range 4-23) was measured using the revised Restraint Scale (Herman & Polivy, 1980) . Participants were randomly assigned to one of two conditions: Reward (n = 16) or control (n = 19). The two conditions did not differ significantly in age (F < 1), BMI (F < 1), or restraint (F = 1.1).
Materials and Measures
Stop-Signal Task (SST)
The SST (Logan et al., 1997) involves two concurrent tasks: A go task, which is a choice reaction time task, and a stop task, occurring on 25% of the trials, which involves a stop signal that requires participants to inhibit their responses to the go task. During the SST, the letter O or the letter X was presented for 1000 ms, preceded by a 500 ms fixation point. During go trials, participants had to respond as fast as possible to the X and the O using a left and a right response key on the keyboard (e.g. press left for X and press right for O; instructions were counterbalanced across participants). On 25% of the trails, an auditory stop signal was presented (through headphones) and participants were instructed not to respond when this stop signal was presented. Initially, the delay between the go signal (X or O) and the stop signal was set at 250 ms. Depending on the performance of the participants, a tracking procedure adapted the go-stop delay dynamically: If participants succeeded in inhibiting their response, the go-stop delay was increased by 50 ms, thereby making it more difficult to inhibit during the next stop trial. If participants failed to inhibit their response, the go-stop delay was decreased by 50 ms, thereby making it easier to inhibit during the next stop trial. The SST was designed to enable participants to correctly inhibit 50% of the stop trials. The SST consisted of two practice blocks without stop signals, one practice block with stop signals, and two test blocks of 64 trials.
Participants were randomly assigned to either the reward condition or the control condition. In the control condition, no extra instructions for performing the SST were given. Participants in the reward condition, in contrast, were instructed that they would be able to earn credits for correct performance during the SST. They were also informed that they would receive a monetary bonus at the end of the experiment depending on the number of credits earned during the task. They were encouraged to try to collect as many credits as possible, but were not informed about the size of the bonus. To ensure that participants would give equal importance to both the go task and the stop task, participants were rewarded 1 credit for accurate and fast (i.e., participants were too slow when their RT was higher than 2 SD above the mean RT in the practice block) performance on go trials, and 3 credits for correctly stopping during stop trials. In this way, participants could earn the same amount of credits for go trials (75% of the trials) as for stop trials (25% of the trials).
The assumption underlying the SST is that response inhibition succeeds or fails depending on the relative finishing time of two parallel processes that race against each other: a go process triggered by the go signal, and a stop process triggered by the stop signal. If the stop process finishes before the go process, subjects inhibit their response. However, if the go process finishes before the stop process, subjects fail to inhibit their response. The tracking procedure is designed to find a stop-signal delay at which point the go process and the stop process on average finish at the same time. The two variables of interest are: (1) the go signal reaction time, and (2) the stopsignal delay, which represents the starting point of the stop process. From these two variables, it is possible to estimate the covert latency of the stop process, the stop signal reaction time (SSRT), by subtracting the stop delay from go RT. SSRT thus reflects the time required for successful inhibition of the go response, and therefore higher SSRTs indicate decreased inhibitory control. In the analyses, we only used SSRT during the final test block, because we did not expect participants in the reward condition to be able to improve their performance on the SST immediately.
Restraint Scale.
The revised Restraint Scale (RS; Herman & Polivy, 1980) consists of 10 items and assesses frequency of dieting, attitudes toward eating, and weight fluctuations. Individuals scoring 15 or more are classified as restrained eaters; those scoring 14 or less are classified as unrestrained eaters.
Taste Test.
During the taste test, participants were asked to taste and rate two types of paprika-flavored crisps (542.5 Kcal/100 gr) that were placed in front of them in large bowls. Participants were instructed to consume as much or as little as they wished to judge the taste of the food products. They rank ordered and evaluated the two types of food on several dimensions, including palatability of the food, smell, and texture. The experimenter left the test room during the taste test and returned after 10 minutes and removed the bowls of food. Importantly, the primary interest was not how participants rated the types of food, but rather how much they consumed of each type of food. Without the participants' knowledge, the experimenter weighed the bowls of food before and after the taste test outside the test room. Energy intake was calculated by multiplying weight consumed of each food product by its caloric density.
Craving for Food.
Participants rated how much they craved to eat something at that specific moment on a 100 mm Visual Analogue Scale (VAS; no craving at all -a lot of craving).
Procedure
Participants were asked to not eat anything for 2 hours before the start of the study. After giving consent, participants performed the SST. Next, participants rated their craving for food and they performed the taste test. Finally, participants filled out the Restraint Scale (RS), and weight and length were measured to calculate BMI. At the end of the study, all participants were thanked for their cooperation and received course credit or a gift certificate of 5€ as remuneration for their participation. Participants in the reward condition, in addition, also received the bonus based on their performance during the SST (the max. bonus was 7.5€).
Results
Inhibitory Control
First, we examined the effect of reward and dietary restraint on inhibitory control (SSRT) using ANCOVA with condition (reward versus control) as a between-subjects factor and restraint as a continuous covariate. While the main effect of condition, F(1, 31) = .07, p = .80, and restraint, F(1, 31) = 2.97, p = .10, were not significant, the interaction between condition and restraint was significant, F(1, 31) = 9.34, p < .01. To further examine this interaction, we next analyzed the effect of condition separately for participants scoring high or low on the restraint scale (respectively 1 SD above and 1 SD below the mean restraint score; see Cohen, Cohen, West, & Aiken, 2003, for this procedure). As shown in Figure 1 , restrained eaters in the reward condition performed significantly worse on the SST compared to the control condition, F(1, 31) = 7.86, p < .01. Unrestrained eaters, in contrast, showed increased inhibitory control on the SST in the reward condition compared to the control condition, F(1, 31) = 4.40, p = .04. Thus, relative to control, rewarding performance on the SST significantly improved inhibitory control in unrestrained eaters, but decreased inhibitory control among restrained eaters.
Figure 1: Estimated marginal means (with standard errors) for inhibitory control (SSRT) in the reward condition versus control condition. Means are shown separately for restrained versus unrestrained eaters (respectively 1 SD above or below the mean restraint score). Higher SSRT scores indicate decreased inhibitory control.
To further examine this finding, we also examined the effects of condition and restraint on RT during go trials as well as on the stop delay during stop trials in two separate ANCOVAs. Condition (reward versus control) was again entered as a between-subjects factor while dietary restraint was added as a continuous covariate to the model. With respect to RT, results showed no significant effect of condition, F(1, 31) = 1.10, p = .30, restraint, F(1, 31) = .00, p = .97, or interaction effect, F(1, 31) = .91, p = .35. Follow-up analyses confirmed that there was no significant difference in go RT between the reward condition and the control condition in unrestrained eaters, F(1, 31) = .01, p = .92. However, as shown in Table 1 , restrained eaters in the reward condition did show elevated go RT relative to restrained eaters in the control condition (see Table 1 ), although this difference was also not significant, F(1, 31) = 2.32, p = .14. With respect to stop delay, showed no significant effect of condition, F(1, 31) = 1.38, p = .25, restraint, F(1, 31) = 2.36, p = .14, or interaction effect, F(1, 31) = 2.34, p = .14. Follow-up analyses showed no significant difference in stop delay between the reward and control condition in restrained eaters, F(1, 31) = .29, p = .60. For unrestrained eaters, however, results showed a marginally significant effect suggesting higher stop delays in the reward condition compared to the control condition, F(1, 31) = 3.21, p = .08 (see Table 1 ).
Craving and Consumption
The correlation between craving and food consumption during the taste test was not significant, r = .18, p = .30, but was significant after excluding two influential outlier (Cook's distance > 4/n), r = .47, p = .01. The effect of reward and restraint on craving as well as food consumption during the taste test was examined using ANCOVA with condition (reward versus control) as a between-subjects factor and restraint as a continuous covariate. With respect to craving, results showed no main effect of condition, F(1, 31) = .11, p = .74. The main effect of restraint was significant, F(1, 31) = 4.91, p = .03, indicating increased craving in restrained compared to unrestrained eaters. This main effect, however, was qualified by a significant two-way interaction between restraint and condition, F(1, 31) = 8.53, p < .01. Follow-up analyses therefore examined the effect of condition separately for high (+ 1 SD) versus low restrained eaters (−1 SD). As illustrated in Figure 2 , craving was higher among restrained eaters in the reward condition compared to restrained eaters in the control condition, F(1, 31) = 5.24, p = .03. In unrestrained Note: Estimated marginal means (with standard errors) for RT during go trials (go RT), stop delay during stop trials, and StopSignal Reaction Time (SSRT; computed as mean go RT -mean stop delay). Higher SSRT scores indicate decreased inhibitory control. Estimated means are shown separately for restrained versus unrestrained eaters (respectively 1 SD above or below the mean restraint score) and separately for the reward and control conditions.
Figure 2: Estimated marginal means (with standard errors) for craving in the reward condition versus control condition. Means are shown separately for restrained versus unrestrained eaters (respectively 1 SD above or below the mean restraint score).
Similarly, the analysis on food intake revealed no significant main effects of condition, F(1, 31) = .22, p = .64, or restraint, F(1, 31) = 3.26, p = .08, while the interaction between restraint and condition was significant, F(1, 31) = 7.96, p < .01. Follow-up analyses showed that food intake was significantly higher in restrained eaters in the reward condition compared to restrained eaters in the control condition, F(1, 31) = 7.53, p = .01. In contrast, unrestrained eaters in the reward condition consumed less than unrestrained eaters in the control condition, although this effect was only marginally significant, F(1, 31) = 3.25, p = .08 (see Figure 3) . Thus, relative to control, rewarding fast and accurate performance on the SST not only increased inhibitory control in unrestrained eaters, but also decreased craving and food intake. In restrained eaters, in contrast, rewarding SST performance had the opposite effect with decreased inhibitory control and increased craving and food intake compared to controls. 
Discussion
Success at achieving and maintaining a healthy body weight critically depends upon the ability to inhibit impulsive responding to palatable food. Especially restrained eaters, who are preoccupied with restricting their food intake, have been shown to lack inhibitory control skills needed for weight regulation compared to normal, unrestrained eaters. Therefore, the aim of the present research was to examine whether both restrained and unrestrained eaters can increase inhibitory control abilities and decrease food consumption in response to an incentive to perform well on an inhibition task. More precisely, participants were randomly assigned to two conditions: In the reward condition, participants were offered a monetary incentive based on fast responding and inhibitory performance. In the control condition, in contrast, participants were not given the opportunity to earn a monetary bonus for their performance. Among unrestrained eaters, offering an incentive to perform well indeed resulted in increased inhibitory control. More importantly, unrestrained eaters who were rewarded for inhibition performance showed less craving for food, and also consumed less high calorie food during a taste test compared to control. In contrast, restrained eaters were incapable of increasing their inhibition performance when offered an incentive and even performed worse during the inhibition task compared to control. Moreover, restrained eaters in the reward condition did not only show decreased inhibitory control relative to control, but also increased craving for food and consumed more high calorie food.
The present findings thus show that giving an incentive for increasing inhibitory control performance effectively improves inhibition performance in unrestrained eaters, but not in restrained eaters. Importantly, when RT and stop delays were analyzed separately, it also became evident that this was not due to restrained eaters being unresponsive to performance incentives. While unrestrained eaters seem to be able to improve (i.e., shorten) their stopping process (thereby decreasing SSRT), restrained eaters instead seem to rely on an ineffective strategy to increase their inhibition performance and are incapable of effectively decreasing the stopping process. Specifically, unrestrained eaters seemed able to improve their stopping performance during the inhibition task, while restrained eaters attempted to improve their performance by reacting more slowly. However, they were not able to improve their stopping performance (i.e. to inhibit responses during stop trials) as their stop delay remained unaffected.
Hence, these findings demonstrate that unrestrained eaters are able to improve their inhibition performance directly without reacting more slowly when motivated to do so. For restrained eaters, in contrast, increasing the motivation to exert inhibitory control appears insufficient to boost inhibition performance and causes them to rely on ineffective strategies in an attempt to improve performance (i.e., acting slower). Together these findings therefore suggest that restrained eaters do not possess the necessary skills to increase inhibitory control. The implication of these findings is that restrained eaters would probably benefit more from training procedures designed to practice and improve inhibitory control gradually rather than from incentive-based manipulations. Recent evidence indeed suggests that this might indeed be a promising way to promote successful weight control. For instance, consistently withholding food-related responses in training versions of inhibition tasks has been demonstrated to significantly reduce consumption of palatable, high calorie food (Houben, 2011; Houben & Jansen, 2011) . Moreover, such training was especially effective for people who already experienced difficulty controlling their food intake (Houben, 2011) . Therefore, it would be interesting to examine the effectiveness of such training interventions in restrained eaters to see whether this would increase dieting success as well as the maintenance of a healthy body weight over a longer period of time.
